where ε ij is the strain tensor and p accounts for the effects of deformation on pressurization of the fluid 43 phase under non-equilibrium conditions. In equilibrium, the total fluid pressure within the tumor tissue is 44 the same as that in the adjacent environment. Since we focus here on the solid (elastic) stresses within the 45 tumor tissue, the Eq. (S1) simplifies to Eq. (1) for i, j = z. 46 47
In non-equilibrium conditions, the dynamic relaxation of the stress after the cut as shown in Fig. S9 , the 48 fluid-solid interactions needs to be considered via poroelasticity theory, in which the following equations 49 need to be solved together with the stress-strain constitutive law in Eq. S1:
Darcy's Law (constitutive law for fluid-solid interactions):
Conservation of Mass:
Conservation of Momentum:
where U is the fluid velocity, v s is the local velocity of solid element, and k is the tissue hydraulic 61 permeability. 62 63
Effect of nonlinearity: 64
The stress-strain data for the studied tumors follow a linear relationship for strains less than 0.2 (Fig. S8 ).
65
Since most of the stress-induced deformations in this study are within 20% of the original associated 66 dimension, the use of a linear constitutive law is justified. For larger deformation, a nonlinear constitutive 67 law for stress-strain relationship and elastic energy needs to be utilized in the finite element model [53] . partially released after the planar cut method. After creating the planar cut, σ zz , shown in Fig. 1D for 95 the same tumor, is completely released since all the resistance in the z-direction is removed. However, σ xx 96 and σ yy are only partially released, since the major resistances in x-and y-directions are still present. The 97 above heat maps show this partial release of the in-plane stresses after the planar cut. In order to fully 98 release σ xx and σ yy , the slice method is used as shown in Fig. 3 
